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ABSTRACT

As a result of hydraulic model studies the relief panel a.nd port
recommended for the intake structures to prevent overpressures
and structural damage to the temperature control shutters will
open and close satisfactorily within the differential head range =~ -
+ - specified. ‘Water for.the left powerplant will flow through 2 par- -
- allel inclined 850-ft-long intake structures. A train-of 13 tem-
perature control shutters will be installed in each tower to form"~
a roof. Shutters may be removed one at a time, starting with .
the uppermost, to release reservoir waters of desired temper-
ature downstream. The studies were underteken because inad-
“vertent occurrences or.an operational procedure might cause -
instantaneous head differentials in excess of the allowable maxi-
mum cf b ft of water between the upper and lower side of the
L ',_shutters; 'To prevent overpressures, relief panels will be in-
 stalled in the lower temperature control shutters of each tower.
- The panels will be held closed by a torsion spring and will start
'to open at a 3. 5-ft head differential and swing-fully opened at a '
4, 6-ft differential.  They will close at differentials less than ~ -
2.7 ft. Ninety-four panels will pass the maximum-8, 600- ofs o
" power demand in one tower with a 3. 5-ft head differential acrosS
- the shutters. The port with a convex rounding at the panel drop-- -
- ping edge and concave at the rising edge was selected as the best
' “entrance oonilguratlon because it produced the hlghest torque at
__"'mldra.nge. \\ : _

e DESCRIPTORS-- hydraullcs/ model tests/ laboratory tests/ *mtake 2
" towers/ intake structures/ discharge coefficients/ penstocks/ power-
- plants/ *relief valves/ head losses/ control structures/ flow control/ - -
~ *ports/ hydrostatic pressures/ temperature control/ *torque/ panels/"

- . research.and development/ *hydraulic models/ hydrauhc structures/
- operations/ overloads/ damades

. IDENTIFIERS-- *Qroville Dam Powerplant/ *mclmed mta.ke struc- .
.- tures/; torque meters/ torsion springs/ *pressure relief panels/ head = = .
s dlfferentlal/ hydraullc de81gn/ Callforma/ water temperature selectlon o
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PURPOSE

R 'I‘he model study was made to develop a rehef panel and re11ef port :
_-.,conﬁguratlon with hydraullc characterlstlcs that s _
- rapid opening and prevent overpressures and strudiiral damage to
- the temperature control shutters for the Orovﬂ.te Dam powerplant
f_;'i--;:mtake structures._ - S s

C ON CLUSIONS

-1 A 3-foot-long by 9-foot 10- 3/4-:mch-W1de re11ef panel mth the G

. unders1de flush with the underside of the: temperature control shutter

- . and with & hinge eccentricity of 2-3/4 inches, “will start to open:" B
© 7 against @ torque of 434 foot-pounds When sub:;ected to a d_'liferenual
head of 3"5 feet. - , _ | S ,

2 5:;’I?he o%imum conflguratlon of rehef panel and entrance shape is .

- shown.in Figure:16..- When held near.the closed position with a tor- :

" sion spring exerting 434 foot-pounds ' in the closed position and -
increasing lmearly to 4'?'7 foot-poun /m the 90 open pos:1t10n the
panel wills : .

L whene-_no ﬂow is: occurrmg m the tower: (the most dlsadvantageous
L condltlon :for ¢ pemng) ' BT

‘s_torque assumes a panel ‘without wi ght 4 Torque values shown
n this: :repo‘rt must be mod:fled by the’ moment- of force of the:
fo ;




c Start to close from the 90° open posmon under a minimum
. differential head of 2.77 feet when a flow of 8, 600 cfs is occur- -
. ring in the tower (the most dlsa.dvantageous condltlon for closing).

t 3 At the 90° open position, one pa.nel will pass 91.8 cfs at a dif~ .
. '_ferentlal head of 3. 5 feet based on Cg of 0. 88 when no flow is occur- .

" ring in the inclined towers (Figure 16). Ninety-four els would
" be needed to furnish all of the demand for power (8, 800 cis) with a

: -hea.d dlfferential of 3.5 feet across: the temperature control shutters.

]I\TTRODUCTION

o Orovzllle Da.m isa key fac]llty in the Cahforma water plan The
damsite is on the Feather River about 5-1/2 mﬂes northeast of

o . Oroville in north~-central California (F1gure 1).

L Water for the u.nderground powerplant will flow through two mclmed
-intake towers before entering the power penstocks (Figures 2 and BA)..

. These intake towers are about 650 feet long and zre inclined a7° 45'

~from the horlzonta'l to fo]_low the natural ground surfa.ce

J_"'_-;-Agrlculmral reqmrements downstream from the dam demand that the o
‘warmest available water be released during the irrigation season, and-

“fishing interests require that cocler,  but not necessarily the coldest
- . -available water be released during the fish spawning and hatching sea~

son. To.meet these opposing demands, a train of 13 temperature con-

. trol shutters will be installed to form the top, -or roof, of each intake
.7 tower (Figure 3). These shutters are each 40 feet long with a 44-foot -
- “'structural span, and may be removed one at a time startmg with the . =

- uppermost one. Thus, by proper removal of the shutters during the -

< irrigation season, the: uppermost, or. warmest, strata of water may

.. be drawn from the reservoir regardless of reservoir water surface

- elevation. . Durmg fish spawning and hatching: season shutters may be

“withdrawn to the: proper temperature strata in the-power pool and thus *
._-:.V-the requlred temperamre water can be released through the powerplant

The temperature control shutters (F1gure 4) are des1gned to w1thstand

(an external (reservoir to intake tower channel) head differential of

.5 feet. 'Excessive internal (intake tower channel to reservoir) head
dlfferentlals may also occur. : There is a possibility that, without

some safety feature, an madvertent or an operational procedure might
cause head differentials.in excess ‘of the allowable maximum with result-
ing'damage to the'shutters. ' To prevent the damaging pressure differ-
entials‘from occurring,: relief panels will be installed in the three lower
shutters.in-each tower.. Internal relief panels will be installed in the -
lowest. shutter, .and externa.l relief. panels wﬂl be mstalled in the second




and third shutters from the bottom.. As an added precaution limited-
 strength tension bolts will be installed in the internal relief panels.

These bolts will fail at an external head differential of 7 feet permit-
 ting the panels to open inwardly a.nd act as addl’rlona.l external relief
pranels , _ ;

The externa.l re11ef panels will be 3 feet long by 2 feet 10-3/4 J.nches
- wide {Figure 4). Torsion springs will hold the panels closed against

~ head differentials up to 3,5 feet, and the panels must have hydrauiic

characteristics that will cause them to swing 90° open without exceed-
_mg a 5-foot head differential, * It is anticipated that by quickly open-
-.ing to pass large quantities of water through the temperature control
shutters, the rellef pa.nels will prevent da.mag‘mg overloa.ds from
occurring.’ : _ : S

The external relief panels were sub]ected to extenswe model crl:ud:u—:-s

- These studies were made to: (1) determine experimentally the proper -
. relief panel shape, entrance port configuration, and hinge position; . -

" {2) measure the torque imparted to the panel by the water for a range
- of head differentials across the panel with various flows through the
" intake tower under the shutters; and (8) calibrate the recommended -

. panel-port configquration to permit determining’ ‘the number of panels .
‘required to pass the maximum power requlrement, 8 600 cfs for one

. _mta.ke.

THE MODEL

R A 1:4 scale model was: u.sed for the studles. The 14-foot-long by

“4-foot-wide by B-foot-deep head box was divided longitudinally by a .- .
rock baffle (Figures 5 and 6B). The portion of the box on.the left.
- -side served as a stilling area for flow representing water in the.

;- reservoir.  This flow passed uniformly through the ‘baffle and J.nto '

- the right<hand compartment. The floor of this right-hand com- "

. partment represented the top of a temperature control shutter;:
- and contained the modelled relief panel, mcludmg approprlate

- structural beams and supporting members (Figure 6C)." A Z-foot? = f

B . wide by 1-foot-deep flow:passage was prov1ded beneath this floor
" {shutter). so flows similar-to those occurring in the intake towers.

- during turbine operation could be represented. - Finally, an a.dJust-
“ableinvert . was provided beneath and downstream from the relief

- -panel so the area, and hence flow velocity, could be controlledto . & =
the' proper: values as water was furmshed to the tower through the r_ ek

5 rellef panel




Water was supphed to the reservo:.r portion of the model by an
‘8-inch portable pump, controlled with a manually operated 8-inch
gate valve, and measured with-an 8-inch orifice-venturi meter.

Water was furnished to the tower portion of the model through a -

. 12-inch conduit from the permanently installed laboratory system, -

~ controlled with a hydraulically actuated l_2-==1nch gate valve and
--_-measured w1th a cylmdrlca.l pitot tube. B

Two double-s1de cha.nnel—type overﬂow weirs w1th a total crest
~ length of 24 feet 8 inches were motinted in the reservoir as a

. wasteway to provide a nearly constant reservoir elevation while

- variable discharges passed through the panel openinig. Head dif~
- ferentials across the shutter-panel bulkhead were controlled by '

- avalve in the intake tower (lower) portion Of the model.

The rel1ef panel was mounted in the port so that in the closed

position the bottom of the panel was flush with the underside of -

- the temperature control shutter (Figure 6C). For the initial test
~the hinge point on the model was offset 1. 250 inches above the . -

ke - bottom plane of the panel and with an eccentricity of 0.688 inch -
©. Irom the transverse centerline. These values represented o inches .

offset and 2.75 inches. eccentr1c1ty, prototype The a.xles rotated

' ~in teflon bearings.

~ The torque on the panel was measured w1th a meter that cons1sted '

S of a 5-inch-long, 1/4-inch-diameter stainless steel rod machined
- to 1/4-inch square in the middle 2 inches (Figure 7). An A-19,

‘SR-4-type strain.gage was installed on each face’ of the square por-

= ‘tion of the rod in such a manner that torsion of the rod would be-

" additive on’ the readout from the gages and bend:ng response would |

S cancel out.

" “One end'of the torque meter 1 was f:xed to tne panel the other to a-

. miter gear which could be turned to set and hold the panel in any _' R

" - 'desired-position. The two cylmdrlcal ends of the meter, shaft
C l_Passed through teflon bearmgs. T |

e MESTIGATION o

'I‘he torque loads 'exerted upon the re11ef pe.nel by the hydrodynamm i

forces: of the water’ passing by it were of primary interest in the .

study. . The’ procedure followed to obtam the torque data was as 'j;_'g.

follows.-:-' ST




: 1th oflow through--:th ower.or panel:port, ‘but with'the.
system submerged, ‘the panel 'was moved ‘to:a:desired: pos:mtlon,
and 4 -zero reading set on’the torque meter readout recorder, - = -
This assured that any torque recorded while water was, ﬂowmg L
through the 'modél would _reflect hydrodynamic forces only -

: ' se vou"was adJusted so;:tha.t, m'a.ddltlon
o.th ischar ""‘-’dlrough the -:‘panel port " some ﬂow passed over :
the:reservoirweir. . - .

echeckmg to assure: that a'change’ n torque ‘had: not
' 051 Ton, a: torque rea.dout wa.s recorded y




o modelled tower ares,




" increments. The results.show that the midopen range was critical

' “because:a significantly lower torque occurred in this range than at

larger or smaller openings’(Figure 10). To assure that the panels
“would open to the '80° position without'a AH greater than b feet, . -

- higher-midrange torque was-needed. The-configuration changes on.
~‘the sides:of:the opening (Fiqure 9, Tests 4, 4A, and 4B) produced”

‘Increaseéd torgqueé atlarger panel .openings, but resulted in'no-bene-

- ficial effects in the7eritical range of 307 to:60°. Therefore, plans

" to miodify the sides of thelopening were abandoned. The port con=. . ..
. .‘figuration with convex rounding at the dropping edge of the panel ~ -

' and.concave rounding at the rising edge {Test 3, Figure 8) was the

: best-entrance configuration tested because ‘it produced the highest =
‘forque at midrange. - This entrance shape was installed permanently .

. %vin the'model for the t'est-r?pha.'se’spn‘!;éliéf'panel_'g'dnﬁgu_ratiqn'. P

- Panel Confiquration

e six 'paﬁel'ccbnf'i'gﬁi-atio'ns_t'ested“a'.re[s‘hoﬁbn inll'?'igures”ll.é.nd-lz.":  -

A1l panel tests were made with Entrance No. 3 (Figure 8, Test 3).’
Panel No. 1 had a cirvature of 3-foot radius with a 3-1/2~inch rise

" on‘the dropping half 'of the panel.: There were no Panels No, 2 -

o p -

", ‘through-5. Panels No, 6-and 7 {Figure 11, Tests'6'and 7) were gen- ' -
- erdlly:similar to Panel No. 1; however, Panel No. ‘6 had:a‘curva---" .. .
1 {ure of 2-foot radius:with a 3-1/2-inch rise, and No. 7 hada curva- . °
-~ “ture of - 2-foot.radius with:-a 6-inch rise. ' Panel No, '8 (Figure 11, .. . "

~Test 8) had a curvature-of 2-foot radius with a 6~-inch rise on'the - .-~

i droppinghalf:of the panel and:the trailing edge was drawn away from .+ .

the port.edge'to allow greater flow to pass this area at small panel . -

- openings.  Panal No, 9 (Figure 11, :Test'9) was the same as Panel *

e - .No..:8:on the dropping half, but had a:shaped flow surface.on the - -

-rising edge. ~ Panel No. 10 (Figure 11,” Test-9A) ‘included-a cham=- 3. -

ered’or sloped leading edge relative to‘flow in the tower under the .
utters ‘to obtain greater turning force from reaction from-the.. /. =~
ntake tower flow. . Photographs of each of ‘the panels tested are @ . .




- Panel No. 10 was tested W1th tower ﬂow because the chamfered edge
of the panel was designed to derive a turning force from the flow o

ater in the intake tower. With a AH of & fest and a tower flow of
7 000 cis, the torque on Panel No. 10 was 580 foot-pounds at 90°
panel opening.. However, additional torque over that with no flow in
- the intake tower was-nil- at openings smaller than 50°. Therefore,
the cha:miered edge was. not: con51dered further. SR

Entra.nce No 3 and Panel No. 7 produced the most desn'able com-~' _
sbination with relatively high torque in the critical midrange openings
(Flgure 13). For a complete pzcture of the torque characteristics, .
'a series of tests was.performed in which panel position, head differ-
~ential across the temperature control shutters,” and discharge through
- the intake tower were varied (F:Lgure 14). The torque for any reason-
-able combination’ of panel p031t10n, ‘AH, and tower diocharge may be
- .determined from this chart. - Satlsfactory performance is indicated
- throughout the operating range, -and this design ccmbma.tmn is rec- o
ommended :Eor mstaJlatlon at Orov:lle Dam, :

o 'I‘he actlon of the recommended pressure-rehef pa.nel and port con-
N flguratlon is defined in Figure 15. -An dssumption is made that the
- . torsion spring exerts 434 foot-pounds with the panel at the closed " R
‘- pogition, ‘and increases hnearly to 4’77 foot-pounds (10 percent m- R
A '..crease) w1th the panei 90> open. = e e
e -".f";;"Wlth no flow thr0ugh the tower, .the panel wﬂl start to open at a AH.
< of 8, b feet, but an increase of AH to 4.6 feet is required to swing the- _
. “panel past’ the 40° .position. At ldrger panel openings the required - .
AR decreases, and, promded a AH of 4.6 feet has been reached, will = -
~ swing fully opened (90%).and. remajn fully opened as long as AH re-.. - _
~.’mains above 3. 67 feet, For the closing cycle, as:aH: decreases from = .
" .3.67 to:3. 47 feet, the panel_ w:.'ll swmg to about 78 from w].'nch point Topniih
: ..1tw:llswmnjf1ﬂlyclosed L T o B

ow through the tower, and hence a.long the underside of the :
s, the differential head required to swing the relief pa.nels . i
ss than'the head requlred with no flow through the tower PR
t'=--the _closed posmon. «The- dﬁerentlal head required for




no ﬂow through the +0wer. On the baens of a3, 5-foot head dlfferen- ,

tial, .a discharge ot $1,8 cfs can occur through one 3-foot 5/8-inch ..

© by 2-foot 11-3 ’8=inch port. Ninety-four ‘panels would be needed to
. farnish all ‘the water for power demand {8, 600 cfs and no flow through
- the intake tower) with a head differential of 8.5 feet across the tem- -

‘perature’ control shutters a.nd aJl panels- _opened 80" to 90 P

-The recommended pressure-rehef pa.nel a.nd port shown in: Flgure 16 '

" will open:.and close satisfactorily within the differentisgl head range.
“specified for the temperature control shutters.” Ninety-four: panels . .-
will be required to pess the maximum power -demand. of 8,600 cis.at -

‘a head:differential of ‘3.5 feet.  The panelswill: swing open-with-
-a-4,6-foot:differential head when no flow: occurs through the tower
"(the most disadvantageous condition for the opening cycle)..“The . -
- ;panels‘will close if the differential head:drops to about 2.77 feet with
8,600 cfs! ﬂowmg through the tower (the most dlsadvantageous condl-
'!thI'IS for the \clo mg cycle). :
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Figure 6
Reg}pg;'t Hyd-549

A. Left intake structure
with trashrack.
(1:24 scale model)

PB46-D-50012 NA

B. Model for relief
panel studies.

PB46-D-500Q1301A

C. Panel] and port, 1:4 scale model.
OROVILLE DAM
Intake structures

Pressure-relief panels
General model installation




PBA6-D-50014NA |

TORQUE METER

Panel position control shaft
Miter gears

Teflon bearing

SR-4 strain gage complex
Panel suspensicn plate

OROVILLE DAM

Intake structures
Pressure-relief panels

TORQUE METER

Fiqure 7
Report Hyd-549
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REPORT -HYD-549:

_TEST NO.7, PANEL NO.7; ENTRANCE NO.3.

TEST NO.8, PANEL NO.8, ENTRANGE NO.3.

: - Rk b
‘_‘_yi,j'_l',_EiST-,_ NO. 9, PANEL NO.9, ENTRANCE NO.

2l == 0. 6




Figure 12
Report Hyd-549
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- FIGURE 145 .
CUREPORT OHYD-549
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" FIGURE 16
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